Abstract. This study presents nonlinear analysis of single degree of freedom spur gear pair with time-varying mesh stiffness. The backlash is approximated using nonlinear term. The periodic steady-state solutions of the nonlinear system are obtained by closed-form expressions using the method of multiple scales. The stability and forced vibration response of the gear system are analyzed. The effect of mesh stiffness variation on the amplitude parameter of nondimensional dynamic transmission error for primary resonance is presented. The closed-form solutions in terms of mesh stiffness variations provide design guidelines for dynamic analysis of spur gear.
Introduction
The interest in the nonlinear behavior of the gear system vibration with backlash nonlinearity in terms of transmission error is reflected in recent studies [1] [2] [3] . Moradi and Salarieh [1] investigated primary, super-harmonic and sub-harmonic resonances of spur gear pairs including the backlash nonlinearity using multiple scale method. Chang-Jian and Chang [2] presented the nonlinear dynamic behavior of spur gear pair with nonlinear suspension system. Si-Yu and Jin-Yuan [3] investigated the parameter stability of a strong nonlinear parametric excitation system for primary resonance by using the Multiple-scales method. Ozguven and Houser [4] provided a complete literature on the mathematical modeling of the gear systems. Kahraman and Singh [5] [6] studied the nonlinear dynamics of a spur gear pair with particular emphasis on the interaction between the time-varying mesh stiffness and clearance nonlinearities. Parker et al. [7] presented nonlinear behaviour of a spur gear pair including nonlinear mesh stiffness and provided a comparison between theoretical and experimental results. Theodossiades and Natsiavas [8] presented analytical and numerical methods for determining periodic steady state response of gear-pair systems with periodic stiffness and backlash. The purpose of this study is to investigate the nonlinear analysis of spur gear pair with time-varying mesh stiffness using the method of multiple scales. Frequency response and stability are investigated for primary resonance of spur gear pair. Results of amplitude parameter of nondimensional dynamic transmission error (a) with variation of nondimensional excitation frequency (Ω) are analyzed.
A method of multiple scale analysis of spur gear pair with time varying stiffness is considered in the analysis. Figure 1 . 2 2 cos
The general solution of uo is written as 
Eliminating the secular terms in Eq. (9) 
Solution of Eq. (10) is obtained using the polar forms as 
